Enteroviruses are members of the picornavirus family, a large and diverse group of small RNA viruses. According to the present classification (10) , the enterovirus genus comprises the following species: poliovirus, human enterovirus A (HEV-A) (coxackie A viruses and enterovirus 71), HEV-B (coxsackie B viruses, echoviruses, coxsackie A9 virus, and enteroviruses 69 and 73), HEV-C (coxsackie A viruses), HEV-D (enteroviruses 68 and 70), and at least three animal enterovirus species (bovine, simian, and porcine enteroviruses). They all contain a genome of approximately 7,500 bases and positive [(ϩ)]-strand polarity. After infection of the host cell, the genome is translated in a cap-independent manner into a single polyprotein, which is subsequently processed by virus-encoded proteases into the structural capsid proteins and the nonstructural proteins, which are mainly involved in the replication of the virus (36) .
The coding region is flanked by 5 and 3Ј nontranslated regions (5ЈNTR and 3ЈNTR, respectively). The highly structured 5ЈNTR contains the internal ribosome entry site directing cap-independent viral translation initiation (25) . The cloverleaf structure at the 5Ј end of this region is a multifunctional cis-acting replication element which interacts with viral and cellular proteins to form a ribonucleoprotein complex. The cloverleaf structure is involved in (i) mediation of the switch from viral translation to replication (4), (ii) initiation of viral negative [(Ϫ)]-strand RNA synthesis by induction of a circular conformation of the genome (7), (iii) uridylylation of the viral protein VPg (15) , and (iv) enhancement of the translation efficiency of the internal ribosome entry site region (38) . The viral RNA-dependent RNA polymerase 3D catalyzes both (ϩ)-strand and (Ϫ)-strand RNA syntheses. The initiation of (Ϫ)-strand and (ϩ)-strand RNA syntheses commences at the 3Ј ends of the respective (ϩ)-strand and (Ϫ)-strand. Since the 3Ј ends of the enteroviral complementary strands are dissimilar, the replication machinery should be able to recognize two different types of cis-acting elements to initiate (Ϫ)-strand and (ϩ)-strand syntheses (1) .
The enteroviral genome is a single-stranded RNA molecule containing a genetically encoded poly(A) tail at its 3Ј terminus. Obviously, this ubiquitous homopolymeric stretch cannot serve to direct the RNA-dependent RNA polymerase to the 3ЈNTR to initiate viral (Ϫ)-strand synthesis. Since the viral replication machinery is known to exhibit a remarkable specificity for virus-specific RNAs, it is natural to assume that specified structures should contain heteropolymeric elements conserved among related viruses. The enteroviral 3ЈNTR folds into two common stem-loop structures (domains X and Y) in which the genetically encoded poly(A) tract is partly included (see Fig.  2A ) (26) . It was previously shown that sequences within the loop structure of domain X base pair with complementary sequences in the loop structure of domain Y to form a tertiary intramolecular kissing interaction in all enteroviruses analyzed thus far (20, 23, 27, 35) . The kissing domain (K domain) can be stacked with domains X and S to form one tertiary superhelical domain connected to the Y domain by a small bridge of 5 nucleotides (see Fig. 2A ). The spatial interdependence of the two helical domains, X and Y, is determined by the kissing interaction (21) . This interaction may be involved in the specific recognition of ligands (proteins and nucleic acids) which play a role in the regulation of the initiation of viral (Ϫ)-strand RNA synthesis (30) . The 3ЈNTR of HEV-B, however, possesses an additional stem-loop structure, the Z domain, which can be stacked with the Y domain to form a second superhelical domain. Pilipenko et al. (26) previously proposed that the entire Z domain could be regarded as being composed of three direct incomplete repeats.
The Z domain is phylogenetically well conserved, which argues for a biological and even an enterovirus B-like-specific significant function (Fig. 1) . To investigate the biological significance of the Z domain, we constructed a coxsackievirus group B3 (CVB3) mutant lacking the entire Z domain (CVB3-⌬Z) and CVB3 mutants in which the Z domain was distorted. The recombinant viruses obtained were analyzed for their growth properties in vitro, and the pathogenicity of the recombinant CVB3-⌬Z mutant was determined in vivo.
MATERIALS AND METHODS

Cells and viruses.
Virus propagations and RNA transfections were performed with BGM cells grown in minimal essential medium supplemented with 10% fetal bovine serum (GIBCO). After transfection, minimal essential medium containing 10% fetal bovine serum was added to the BGM cells. Virus yields were determined by end-point titration with eight replicates of serial 10-fold dilutions in 96-well plates containing BGM cell monolayers (34) . The 50% tissue culture infective dose (TCID 50 ) was calculated as described by Reed and Muench (29) .
Site-directed mutagenesis. A full-length copy of the DNA of cardiovirulent CVB3 (pCB3/T7) was cloned behind a T7 RNA polymerase promoter (12) . For oligonucleotide-directed mutagenesis, CVB3 was subcloned into phagemid pAL-TER-1 (20) , and mutations were introduced by using an Altered Sites in vitro mutagenesis system (Promega) according to the recommendations of the manufacturer. Synthetic oligonucleotides (Biolegio, Malden, The Netherlands) were used to introduce site-specific mutations ( Table 1) . The mutated fragments were cloned into the infectious cDNA clone, and the nucleotide sequence of the mutant cDNA was verified by sequence analysis as previously described (20) .
Transfection of cells with RNA transcripts. Wild-type and mutant pCB3/T7-derived plasmids were linearized by digestion with SalI and transcribed in vitro with T7 RNA polymerase as described previously (20) . Cells were transfected in duplicate with 4 g of RNA by the DEAE-dextran method (20) . The cells were grown at 36°C. The cells were incubated until the cytopathic effect (CPE) was complete. Upon CPE completion, the cultures were subjected to three cycles of freezing and thawing, and the viruses were stored at Ϫ80°C.
Single-cycle growth analysis. Confluent BGM cell monolayers were infected with virus at a multiplicity of infection of 1 TCID 50 per cell and grown at 33, 36, and 39°C for 2, 4, 6, and 8 h (20) . Each growth curve was determined three times at each different temperature. Viruses were released by three successive cycles of freezing and thawing, and virus yields were determined with BGM cells by end-point titration with eight replicates of serial 10-fold dilutions in 96-well plates (34) . The TCID 50 was calculated as described by Reed and Muench (29) .
Sequence analysis of mutant viruses. Viral RNA extraction, cDNA synthesis, and PCR amplification with a poly(T) primer and a primer located in the 3D-coding region of the CVB3 genome (5Ј-GTTGTTTGACCCTCCCCGCG-3Ј) were performed as described previously (20) . The resulting PCR products were purified from low-melting-temperature agarose, and the nucleotide sequence of the 3ЈNTR was determined by sequence analysis as described previously (20) .
Mouse experiment design. All animal procedures were officially approved in accordance with the German Animal Protection Law. To evaluate the influence of virus dose on lethality and the severity of myocarditis, groups of six female BALB/c mice were inoculated with 10 2 , 10 3 , 10 4 , 10 5 , and 10 6 TCID 50 s of cDNA-generated wild-type CVB3 and cDNA-generated CVB3-⌬Z. In a parallel experiment, groups of six A.CA mice were infected with 2 ϫ 10 2 , 2 ϫ 10 3 , 2 ϫ 10 4 , and 2 ϫ 10 5 TCID 50 s of cDNA-generated wild-type CVB3 and cDNAgenerated CVB3-⌬Z. The body weights of the mice were estimated daily. Either at day 14 or at day 30 postinfection (p.i.), the mice were exsanguinated under ether anesthesia; specimens of heart, pancreas, spleen, and blood were collected.
The organ weights of the specimens were determined, and pancreas and heart tissues were used for histologic evaluations. The sera were checked for CVB3-specific antibodies by an enzyme-linked immunosorbent assay (ELISA).
Histologic analyses. Heart and pancreas tissues were fixed in 6% formalin solution for at least 24 h and mounted in paraffin. For histologic examinations, 5-m sections were stained with hematoxylin and eosin (HE). At least three adjacent sections were examined microscopically for the presence of lesions. For FIG. 2. Tertiary structure models displaying the Z domain mutants. The tertiary structure models represent wild-type CVB3 (A), CVB3 Z domain deletion mutants (B and C), and CVB3 Z domain distortion mutants (D and E). The HEV-B 3ЈNTR folds into a conformation containing three stem-loop structures (20, 27 ) designated X, Y, and Z. Also, a helical structure, designated S, can be formed that closes the 3ЈNTR. This domain results from an interaction between the most distal U stretch of the coding region and the poly(A) tail. An interaction between the loops of the X and Y domains results in a higher-order RNA structure termed the K domain. The HEV-B-specific domain Z is depicted in italic characters. pancreas tissue, the necrosis of the exocrine parenchyma was scored according to the degree of damage (scores: 0, no lesions; 1, Յ10% lesions; 2, 10 to 40% lesions; 3, 40 to 80% lesions; and 4, 80 to 100% lesions). For heart tissue, histologic evidence of myocarditis and inflammation was classified in terms of the degree of cellular infiltration, myocardial cell necrosis, extent of calcification, and fibrosis and was scored on a scale of 0 to 4, as follows. Score 0 indicates no lesions. Score 1 (slight) describes rare groups of two or three mononuclear cells displacing myocytes, the presence of one or two small lesions (focal myocytic degeneration and/or necrosis; calcification of necrotic myocytes), and an insignificant reaction of interstitial connective tissue. Score 2 (mild) describes larger and more frequent mononuclear cell aggregates without confluence between adjacent foci, the presence of several small lesions scattered throughout the myocardium, and an increase in interstitial connective tissue with foci. Score 3 (medium) describes larger and more frequent mononuclear cell infiltrates with confluent foci present, multiple small lesions or several large lesions, and areas of myocyte disappearance replaced by dense stellate scars with tendril-like extensions into the surrounding myocardium. Score 4 (severe) describes many large foci of inflammatory cells, multiple large lesions, accentuated and heavily collagenized focal scars, and thickening of unscarred reticulum fibers. Statistical comparisons were carried out with Microsoft Excel and Student's t test.
ELISA. For the ELISA, microtiter plates were coated with CVB3-specific polyclonal rabbit antiserum (K3 anti CVB3; Institute for Virology, Jena, Germany) (0.1 g per well [100 l]) diluted in carbonate buffer (pH 9.6) at 37°C for 3 h. After incubation, the plates were washed with phosphate-buffered saline (PBS) and 0.05% Tween 20 and blocked with 200 l of 1% bovine serum albumin in PBS at 37°C for 30 min. The plates were then washed and incubated with 50 l of purified virus antigen (CVB3 after HeLa cell passages; precipitated in 1,1,2-trichlorotrifluoroethane; log 10 TCID 50 , Ն8.0) or control antigen (noninfected HeLa cells precipitated in 1,1,2-trichlorofluoroethane) diluted in PBSTween 20 overnight at 4°C. The plates were then washed and incubated for 1 h at 37°C with 50 l of mouse serum samples diluted 1:10,000 (immunoglobulin M [IgM]) or 1:5,000 (IgG and IgM) in PBS containing 1% bovine serum albumin. After additional washing, 100 l of an appropriate dilution of peroxidase-labeled goat anti-mouse immunoglobulin (either IgG plus IgM or IgM) was added and incubated for 2 h at 37°C. After washing, the amount of peroxidase was determined by the addition of 200 l of o-phenylenediamine dihydrochloride as a substrate, and the plates were incubated for 30 min in the dark at room temperature. The enzyme-substrate reaction was stopped with 50 l of 2 M H 2 SO 4 per well and measured at 490 nm. Each assay included reference positive serum. To establish the cutoff level for a positive value, sera from noninfected control mice were diluted and tested in the assay. The mean optical density value plus 2 standard deviations was determined, and an optical density value greater than the corresponding cutoff value indicated a positive reaction.
RESULTS
Structural requirements of the Z domain in vitro.
The Z domain is a specific well-conserved structural hairpin ( Fig. 1  and 2A ) which is most pronounced in the HEV-B species. Similar truncated domains may be present in other human and animal enteroviruses (39) . So far, no function has been attributed to this putative secondary structure. Also, no evidence was found that the acquisition of this domain was accomplished through duplications of extended segments. It was suggested that the Z domain could have originated from a burst of short repetitions (26) . To investigate the structural requirement of the Z domain for CVB3 replication, we used a deletion mutant in which only the upper part of the Z domain was retained (Fig. 2B ) and a mutant which contained a complete deletion of the Z domain (Fig. 2C) and which therefore acquired a poliovirus-like genotype (CVB3-⌬Z). The mutations were verified by sequence analysis and introduced into the infectious CVB3 cDNA clone pCB3/T7. To study the effect of Z domain deletions on virus growth, BGM cells were transfected with RNA transcripts of the engineered constructs. CPE was observed upon transfection of both deletion mutants. Sequence analysis of the viruses obtained showed retention of the introduced mutations with no reversions in the 3ЈNTR. The growth characteristics of the viruses obtained were further analyzed by single-cycle growth analysis at 33, 36, and 39°C. Both mutant viruses exhibited growth characteristics similar to those of the wild-type virus (Fig. 3) .
The structural requirements of the Z domain for the maintenance of the overall structure of the CVB3 3ЈNTR were examined by the construction of two additional mutants in which either the upper part or the lower part of the Z domain was disrupted ( Fig. 2D and E) . Again, CPE was observed after transfection, and sequence analysis of the obtained viruses revealed no reversions.
Single-cycle growth curves for BGM cells revealed that distortion of the upper part of the Z domain (Fig. 2D ) resulted in a virus with growth characteristics similar to those of wild-type virus in BGM cells (Fig. 3) . Distortion of the lower part of the Z domain (Fig. 2E) , however, produced a disabled virus with a yield about 5% that of the wild-type virus at 8 h p.i. at all different temperatures (Fig. 3) . M-Fold predictions (41) showed that disrupting the lower part of the Z domain resulted in alternative conformations of this domain, thereby altering the helical structure and terminal loop sequence (Fig. 4) . These alternative configurations were not observed in the upper distortion mutant. These results could explain the negative effect of the lower distortion mutant on viral replication in BGM cells.
Structural requirements of the Z domain in vivo. To investigate whether virus-induced lethality was influenced by the deletion of the Z domain and/or the virus dose, BALB/c mice were inoculated with 10 4 and 10 5 TCID 50 s of cDNA-generated wild-type CVB3 and 10 4 , 10 5 , and 10 6 TCID 50 s of cDNAgenerated CVB3-⌬Z. Mice were observed up to day 30 p.i. As shown in Fig. 5, a the infected mice still survived. The number of surviving mice increased when lower virus doses were used for infection. All surviving animals showed a loss of body weight (means, 5 g for wild-type CVB3-infected mice and 3.4 g for CVB3-⌬Z-infected mice) (Fig. 6A ) and were seropositive, indicating CVB3-induced disease. Noninfected control mice were seronegative and showed an increase in body weight (mean, 1 g) (Fig. 6A) . Influence of virus dose on severity of disease. The course of CVB3 infection was also studied with the mouse model. Upon intraperitoneal infection, the pancreas is one of the organs strongly affected by the virus. After replication in the exocrine parenchyma of the pancreas, the virus is spread via viremia to other organs, including the heart and spleen. During infection with highly myocarditic virus variants, mice usually exhibit a significant loss of body weight (up to 40%) (data not shown), which is the consequence of pancreas destruction. However, cDNA-generated CVB3 strain Nancy is considerably less virulent, as expressed by a less pronounced maximum body weight loss. Figure 6A shows that infection of BALB/c mice with cDNA-generated wild-type CVB3 induced a body weight loss ranging from 4 to 6 g at 10 2 to 10 6 TCID 50 s. CVB3-⌬Z induced a dose-dependent maximum weight loss: all mice infected with 10 2 TCID 50 of this mutant exhibited a slight increase in body weight (mean, 0.2 g), while infections with higher doses of this mutant resulted in stepwise increasing weight loss up to 4 g (Fig. 6A) .
The destruction of the pancreatic tissue is summarized in Fig. 6B and 7A . With wild-type CVB3, all infected mice showed a reduction in pancreas weight up to 80% (Fig. 6B) . The histologic grades commonly used to describe pancreas destruction were greater than 3 (Fig. 7A) . With CVB3-⌬Z, at least 10 3 TCID 50 s were necessary to establish an infection. Accordingly, no detectable histopathologic changes and a mean pancreas weight of 100 mg were observed in mice infected with 10 2 TCID 50 s of CVB3-⌬Z. At higher doses (10 3 to 10 6 TCID 50 s), the pancreas weight was reduced up to 80% and histopathologic changes scored greater than 3 as well.
At day 14 p.i., no heart lesions were macroscopically visible and the heart weights of infected mice did not differ significantly from those of noninfected animals (Fig. 6C) . However, histopathologic changes were evident (Fig. 7B to E and 8 ).
Mice infected with wild-type CVB3 exhibited mild symptoms of myocarditis, i.e., mononuclear cell infiltration, myocyte necrosis, and fibrotic alterations ( Fig. 8A and B) . The myocarditis index, which represents the mean of the histopathologic scores of cellular infiltration, necrosis, and fibrosis, ranged from 1 to 1.5 ( Fig. 7E) and was significantly higher than that in mice infected with CVB3-⌬Z. BALB/c mice infected with CVB3-⌬Z showed only slight myocarditis, i.e., single-myocyte necrosis adjacent to blood vessels and few infiltrating lymphocytes, and had no detectable fibrotic alterations (Fig. 8C and D) . The myocarditis index ranged from 0.3 to 0.6. The replication pattern for CVB3-⌬Z-infected BALB/c mice indicated an abortive infection. Noninfected control animals showed no symptoms of myocarditis (data not shown).
To demonstrate the dependence of virus-induced myocarditis on the host genetic background, the histopathologic scores of A.CA mice infected with 2 ϫ 10 2 TCID 50 s of CVB3-⌬Z and BALB/c mice infected with 10 6 TCID 50 s of CVB3-⌬Z were compared. As shown in Fig. 8C to F and 9, the lesions of the hearts of CVB3-⌬Z-infected mice were generally more pronounced in A.CA mice than in BALB/c mice. The myocarditic lesions of CVB3-⌬Z-infected A.CA mice resembled those of wild-type virus-infected mice and indicated productive replication in the heart.
DISCUSSION
The enteroviral 3ЈNTR is a highly conserved heteropolymeric domain which contains two hairpin structures, the X and Y domains, both involved in the formation of a higher-order RNA structure, representing the intramolecular kissing interaction (20, 27 ). The precise function of the 3ЈNTR in viral replication still remains obscure. Point mutations introduced to destabilize the kissing interaction resulted in a lethal phenotype; therefore, the 3ЈNTR seemed of vital importance for viral replication (20, 35) . However, mutants encompassing a complete deletion of the enteroviral 3ЈNTR appeared to be viable, albeit severely hampered in virus growth; therefore, the 3ЈNTR seemed to be dispensable for viral replication (31; unpublished results).
Agol et al. (1) suggested that the enteroviral 3ЈNTR is prob- the evolution of the 3ЈNTR into a number of foldings characteristic of each enterovirus species. The large Z domain may reflect an adaptation of HEV-B to the intracellular environment to regulate viral replication. Surprisingly, complete and partial genomic deletion mutants of the CVB3 Z domain did not impair virus growth or reduce replication kinetics in vitro. Likewise, a poliovirus mutant which harbored a complete CVB3 Z domain insertion into the poliovirus 3ЈNTR, thus generating an enterovirus B-like poliovirus construct, had wildtype poliovirus growth characteristics (unpublished results). This result proves that the Z domain is virtually dispensable for virus growth in tissue cultures. Disruption of the lower part of the Z domain structure resulted in a mutant virus with reduced growth characteristics compared to those of wild-type CVB3.
Assuming that the overall tertiary structures of the 3ЈNTR, i.e., the formation of the kissing element (domain K) and the formation of putative helix S, are not disturbed (Fig. 2) , the nucleotide substitutions in the lower distortion mutant ( CA (E and F) mice were infected with wild-type CVB3 (A and B) and CVB3-⌬Z (C, D, E, and F). At day 14 p.i., the mice were sacrificed and the hearts were removed for histologic examination. (A) An HE-stained section of a wild-type CVB3-infected mouse (myocarditis score, 1.6) shows numerous infiltrating lymphocytes (original magnification, ϫ200). (B) Considerable fibrosis in the same region of the heart is evident in a sirius red-stained section (original magnification, ϫ200). (C) An HE-stained section of a CVB3-⌬Z-infected mouse (myocarditis score, 0.7) shows one of few single necrotic myocytes (arrow) characterized by attraction of lymphocytes, loss of its association with the tissue, and destruction of intracellular fibrillar structures (original magnification, ϳϫ315). (D) No fibrosis can be detected in the same region of the heart in a sirius red-stained section (original magnification, ϫ200). (E and F) Lymphocyte infiltration (E) and fibrotic lesions (F) in the heart of an A.CA mouse infected with CVB3-⌬Z (myocarditis score, 1.4) (original magnifications, ϳϫ315). (Fig. 4C ) or may be favored (Fig. 4D ). As these alternative configurations were not observed in the upper distortion mutant, the changes in the Z domain structure could serve to explain the negative effect of the lower distortion mutant on replication in BGM cells. In many respects, experimental CVB3 infection in the mouse results in lesions that resemble certain enterovirusinduced diseases in humans, such as myocarditis and pancreatitis (reviewed in references 28 and 37). Depending on the host genetic background and the virus strain used for experimental infection, CVB3 induces acute or chronic myocarditis which may heal or lead to death. Two pathogenic mechanisms of enteroviral heart disease have been described: (i) virusinduced dysfunction and cytolysis of infected myocytes and (ii) destruction of myocytes by a virus-stimulated immune process (8, 19) . In an attempt to analyze the effect of the CVB3-⌬Z mutation on viral virulence, we used the immunologically wellcharacterized BALB/c strain, which was previously described as a model for acute CVB3-induced myocarditis with a low probability for the development of ongoing myocarditis. This mouse strain is characterized by a pronounced Th1 response and high-level antibody production (5, 6, 9) . For comparison of the virulence of CVB3-⌬Z with that of the wild-type virus, histologic lesion scores for BALB/c mice were compared with those for A.CA mice. The latter mouse strain was used as a model for chronic myocarditis (11) .
Following intraperitoneal infection of the mice, virus was detectable in the pancreas, liver, and feces as early as 12 h p.i. The virus strongly affected the pancreas. The disease was characterized by lysis of the acinar cells and severe inflammation, while pancreatic ducts and the islets of Langerhans appeared normal (22) . We found that in BALB/c mice, infection of the pancreas led to significant weight loss, which was the result of almost complete destruction of the exocrine parenchyma. Compared to wild-type CVB3, CVB3-⌬Z was clearly less virulent: it required 10-fold higher doses (at least 10 3 TCID 50 s) than the wild-type virus to induce the generation of CVB3-specific antibodies (as indicated by seroconversion; data not shown) and to replicate in the pancreas. The replication of CVB3-⌬Z in the hearts of BALB/c mice appears to be abortive, as tiny lesions were observed only in the vicinity of capillaries (Fig. 8C ). There were no indications of cell-to-cell spread, as is usually seen in wild-type CVB3-infected mice. Lesion scores in the heart were less severe and, most significantly, no fibrosis was induced. Moreover, CVB3-⌬Z-infected BALB/c mice exhibited significantly reduced maximum loss of body weight during the course of infection and a higher survival rate. A.CA mice developed more severe heart disease. This finding was expressed as higher lethality (data not shown) and as a significantly higher myocarditis index. Unlike BALB/c mice, A.CA mice did not exhibit restricted CVB3-⌬Z replication in the heart but showed productive infection ( Fig. 8E and  F) . This finding could be the result of a difference in local immunity due to the different genetic backgrounds. More elaborate investigations are required to answer these questions.
Deletion of the Z domain in CVB3 did not result in alternative growth characteristics in BGM cells, implying that this specific domain has no apparent function in vitro. Surprisingly, BALB/c and AC.A mice infected with CVB3-⌬Z showed a reduction in virulence, implying an in vivo function for the Z domain. Tracy et al. (32) stated that the ability of CVB3 to cause pancreatitis and myocarditis is due to its capability for inducing high titers in the pancreas and not to its persistence. The reduced myocarditis index of CVB3-⌬Z may be due to (i) reduced replication levels in the pancreas, resulting in virus titers which are too low to induce severe myocarditis, or to (ii) normal replication levels in the pancreas but a reduced ability to replicate in the heart, possibly due to an altered tropism resulting in more rapid clearance of mutant virus than of wildtype CVB3 from the heart. No determination could be made as to whether CVB3-⌬Z was less able to induce dysfunction and cytolysis of infected myocytes or less able to cause destruction of myocytes by a virus-stimulated immune process. This discrepancy between wild-type growth kinetics in tissue cultures and reduced virulence has also been described for different mengovirus mutants (3, 18) and flavivirus mutants (17) . Flavivirus mutants containing deletions in the highly conserved core element of the 3ЈNTR showed no reduction in viral growth kinetics in vitro but proved to be attenuated when inoculated in mice. Also, mengovirus mutants containing either a shortened poly(C) tract in the 5ЈNTR or a stem-loop I deletion in the 3ЈNTR showed growth characteristics similar to those of wild-type mengovirus in vitro but were clearly less virulent in mice (3) . The fact that many animals survived an inoculation of the mengovirus stem-loop I deletion mutant led to the suggestion that the 3ЈNTR may play a role in cell tropism or induction of the host immune system. These suggestions are in line with our results indicating that a specific domain in the CVB3 3ЈNTR plays a role in viral virulence as well. Strong conservation of the Z domain throughout enterovirus B-like species argues for this stem-loop structure being a potential host cell protein recognition site.
In previous reports, the molecular basis of CVB3 attenuation was attributed to mutations of capsid protein VP2 (13) and the 5ЈNTR (14, 33) . Although the major attenuating mutations of the Sabine vaccine strains of poliovirus have also been mapped to the 5ЈNTR (16), the significance of this genomic region in CVB3 attenuation is still under debate (2, 40) . In this respect, deletion of a putative secondary structure FIG. 9 . Dependence of CVB3-⌬Z-induced heart damage on host genetic background. A.CA mice (black bars) and BALB/c mice (white bars) were infected with 2 ϫ 10 2 TCID 50 s and 10 6 TCID 50 s of CVB3-⌬Z, respectively. The histologic grades of pancreas destruction and heart lesions at day 14 p.i. were scored as described in Materials and Methods. The myocarditis index is the mean of the lesion scores for infiltration, necrosis, and fibrosis of the heart. Data are the means and standard deviations for three to five values. n.d., not detectable.
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of the 3ЈNTR introduces another genomic region which could serve as a possible candidate for the development of a safe vaccine strain.
